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2. US Embassy (Moscow)
Employee bio-damage
(thermal and athermal)
Hazard at: 0.1 - 1511W1cm2
(Source: X-rayed Without
Consent; Bert Dump6; 1989
per Dept. ofState records)
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VDT STUDIES-UNITED STATES AND CANADA

Many investigations have been conducted to determine the cause of VDT
user trauma. Studies in at least six countries were original (the United
States, Canada, Spain, Norway, Sweden, and Finland). The conclusions in
the other several hundred investigations were essentially based on hear
say. Nevertheless VDT experts refer to the overall work as "scientific
data."

The National Institute of Occupational Safety and Health, which
monitors the welfare of people in offices, examined at least 19
computerized workplaces since 1975. To date, the agency's conclusions
have not deviated from their first opinions in which mOSH stated:

1.
2.

3.- 4.
s.

6.

VDTs are harmless.
Emissions are too low to measure, and are therefore well with

In human tolerance.
User complaints are tmaatnarY.

Strea is due to poor posture and Job diuat\afaetion.

An eraonomtcal1y treated environment will eliminate user
complaints. .

Concern is unwarranted.

1
I

i

I..

Desplte the usurances of NlOSH and other responsible parties, VDT user

complaints pentat and escalate. The maladies people deIcrlbe resemble

those associated with radiation sickness. Physicians have not recognized

this.

The work of American and Canadian investigators is summarized in

this chapter. Some conclusions were referenced by experts at the 1981

and 1984 conaressional VDT hearings. Most studtes reported here and in
chapter 6 were overlooked.
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4-1 NONIONIZING RADIATION

One of the earliest indications scientists and physicians had that non
ionizing radiation induces biological damage was in the American
Embassy in Moscow. Since 1953 the embassy was the target of microwave
illumination from a Soviet transmitter. Employees developed unusual
symptoms and diseases; some died. The Department of State (DOS)

requested a facility and medical investigation.

DOSFACIUTY

The National Telecommunications and Information Administration (NTIA)

responded to the DOS by commissioning Johns Hopkins University to
perform a facility study. The Applied Physics Laboratory (APL), a di
vision of the university, analyzed microwave measurements taken by DOS

personnel over a 2S-year period. A summary of the evaluation follows.

The IG-story embassy buUdlnl was the tarset of mumtnation from a
SovIet microwave transmitter for 25 years. Throuabout the period,
the distance of the radiatJon source was approximately 100 meters
west, east, and south of the building. f!J
The 111umlnation of the CbaDcery II divided Into two periods. The
f1rat 22 years (1953 to May 26, 1975) wu &Iva the code name
TUMS. The second period (May 28, 1915 to February 1977), MUTS,
was divided into two phases: Mt1TS-l and MUTS-2.

TUMS. DlD'ina thls period there was a stnate source of illumination.
The microwave beam radiated from a Soviet apartment house about
100 met... w.t of the ,ChaDCel')'. The hIIheIt 1'8c1atton levels
meuured were within 2 reet of doors and windows on the weat wall.
The averale maximum exposure was 5 mlcrowatts per square cen
timeter.

MOTS-I. Microwave ene1'l)' was high 'for 8 months. Beams were
directed from the eut and south. The averale maximum exposure
was 15 microwatts per square centimeter.

Durin& part of MUTS-l (July 1975 to January 1916), microwave
transmission ori&tnated from two sources: (1) the roof of an
apartment building 80 meters east of the Chancery. and (2) an office
building nearly 80 meters south. The east facade of the Chancery
had many windows. The south had windows in rooms 901 and 1001,
and the stairway on the 8th and 9th floors.
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From 24 to 31 July 1975, room 901 had an average radiation level of
9.0 microwatts per square centimeter throughout the area. Micro
waves were focused sharply on the upper floors. The highest
radiation levels recorded were in offices in the east side at the
center of the building. The intensities increased toward the
southeast rooftop corner. above room 1001.

The highest reading inside the building durinS MUT5-1 was within 2
feet of the window in room 1001. The signal strength on the rooftop
on January 24, 1976 was recorded at 24 microwatts per square cen
timeter.

MUTS-2. Around November 1975 the energy of the Soviet trans
mitter. on the rooftop of the apartment butldina (H)O meters east),
suddenly dropped to 2. microwatts per square centimeter. Screens
were Installed on windows on February 6, 1976. The lowest enerlY
was recorded from this date through February 1, 1977.

The microwave signal. transmitted from the south and east, pro
duced an average maximum exposure that measured a fraction of a
microwatt (less than 0.1 microwatt per square centimeter).

Tbere was an area (relion 2) where the readin& was only 0.7S
mlcrowatt per square centimeter. Sqle individuals In the south
wing were exposed to less than 0.1 microwatt per square centimeter.

In the subsequent biololical study performed by Ltllenfeld, the

Q people exposed to fractions of a microwatt ~ere JI'OUI)ecl among the un
exposed. Those worklq In shlelded areas were also placed In that

cateaory. Thts is tantamount to saylna that osteolenestl equipment does
not affect bone ttaue because its enercY is too low.

Coactualem. Aa complete a model •• poalble w. developed from
the data recorded by DOS penoaneL Matter 11 known to ablorb
microwave eneraY (u in microwave cookin&>. However the incidence
of c:IiIeue (morbidity) and mortality, reported by Embassy employ
ees, cannot be attrlbuted to the low levels of microwaves passing
throUlh the bulldtq.

There II a need for authoritative blopbydcal analysis of the micro
wave field illumtnatins the Embassy. At this time, it Is only poaible
to consider theoretical b'ologlcal effects from the low frequency
microwave radiation beamed at the Chancery. Additional studies are
recommended.
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The degree of biological damage in DOS personnel would depend on

dose, time, and distance. The Soviet transmitter was consistently at a
distance 80 to 100 meters from each wall of the Chancery. Dose and time

varied. Microwaves were strongest at the rooftop and above doors and

windows which are usually framed with metal, a highly conductive

material.

The APL and associated experts indicated that microwaves are

"opaque to masonry walls; radiation enters through door and window

openings." This may be so, but radiation can perform its work indirectly

by energizing matter. This was confirmed by Russell H Morgan, professor

of radiology at Johns Hopkins University and Hospital (1961). Dr Morgan,

who identified the natural radioactive materials in humans and the

environment, said:

Amol1l the radioactive elements in rocks and soU is uranium,
thorium, and their decay products; and potassium. The concentration.
varies tbroucbout the earth. Because rock Is frequently used as a
bullcDnc material, masonry tI an fmpartant source or radiation to
whlch humans may be exposed.

The radiation from natural sources Is eaential1y pmma (approxi-
mately SO mR per year). which II penetratl... Radon and thoron A
diffuse from the earth and bundln&--- materials. C8rbon, calcium. ~
potUslum. and iodine are natural CODItituents of the body's soft
tissues and nuida. (The elements are found in the earth and in rock.)

Dlumfnatlon of the Chancery's bufldinl materials must have elevated

the temperature of. and increased chemical reactions In. radioactive

matter in wa11s of the bullcBna. The secondary enersY "flU traDIDlttted to
people. It enerstzed elementl in the body. whleb caused biological

reactions as if their tissues were "seeina" the ener&y source. The more

radioactive materials in the walls the areater will be the btoJoJlcal dis

tress, even when the energy of the irradiation source Is low.
The Soviet transmitter had three microwave Intensities: medium,

high, low (Table 4-1). The severity of biological damage in DOS personnel

should correspond to the exposure phase, and ·correlate with the death

rate, in the 23-year period (1953-1976). The temperature in the west.

south, and east sides of the building would also influence biological

perturbance.
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Tabl.4-1 Q1IIUt11Dd Effect or DOS '.dlltJ EatIV

Aytl'll'
ExpaIare Mlcrowav. MuuDWD
PIa... Iat"'!l MIcro".. Eg!c!ed 8lamat.. Reacdoa

I.TUMS Medium 5.0 Moderate. bcIebenome. IDCl
inaorable tissue damap.

2.Mt1TS-l Hish 10.2 ImmedfplDdSCMre d:fmaie.

3.MU1'S-2. Low 0.1102..0 MlJd.aubde, bullnexorable
pedud:uce•..•......•.•.........•.•.......•........•.•....•.•....•.•...•..........•.••...

DeadL1. Males PemaIes

1953-1960 37 3
1961-1. 4 1
1961-1911 3 5
1911-1916 ~ ~

36 11

• Duo toa.IIIdeatd-. 13 dcaIbIwere excluded fIom tile statf"'et.
1bevIcdIDI..ll1.....

A change in blood quality alone should have been indicative that

somethlna was wrona with the Embassy's· environment. Lnlenfeld exam
ined dlastoUc blood pressure, and found that DOS personnel bad a hllher

rate after their to\l". They also had fewer white blood cells, and more

psychiatric problems, than the comparison group. Experts declared that

these, and other disorders were due to chance.

DOS Biological Study

Together with a team of individuals, whose expertise ranged from nursing

to engineering, Dr Abraham LiUenfeld of Johns Hopkins University ana

lyzed many health records of personnel stationed at the Embassy durln&
the illumination period. The data was compiled with an IBM 310/148
computer. It consumed 200,000, punch cards In the Initial evaluation of

personnel records, and 2 to 3 times as many in the editing process.

Besides DOS employees, individuals at the post included people from
the United States Information Agency, the Departments of Defense and
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Agriculture, and the military. For the purpose of this discussion. all

agencies at the embassy will be referred to as DOS personnel.

Lilienfeld compared the maladies of DOS personnel to those reported

at other embassies (the comparison group). His team analyzed statistics
of mortality and disease (morbidity) in male and female employees, and

dependents (spouses and children). Generally the team found: (1) more
deaths among the male population than the female; (2) a high rate of
cancer in females; and (3) a high incidence of mumps, and leukemia and

other blood disorders among children.
It is possible that DOS children did not actually have mumps, but

swollen glands (salivary) of the tongue, throat, and ears. An unexplained

outbreak of mumps was reported among schoolchildren in the District of

Columbia, Maryland, DUnols, KentUCky, ~nd other states (1988). The

glands of VDT users swelt. The condition may be diagnosed as mumps.

Personnel at the embassy sensed biological perturbance, which they

suspected was caused by some abnormality in their environment; radi

ation. They measured and monitored the diabolical alent which vibrated

at various frequencies, tncludin& television and FM radio bands. MIcro

waves were streamfDl tbrouIh the Chancery as they <10 In a microwave
communications tower. No one believed or acknowledged that radiation

caused the morbtdlty and mortality occurring at the Embassy.

In research lermane to the problem at the Moscow Embassy Swedlsh

neurologlst at the UDlversity of GotebOl'g, Dr Hans-Arne Hansson (1985),

found that eleetromaanetic radiation affects radar and microwave work

ers.

Radar worken suffered brain damage, altered spinal fluid, frontal
lobe disorder. memory 1.011, and other neural InJury. A protein, part
of the white matter <&lIal cells) that insulates nerves ·of the brain,
wu dIscovered In cerebrospinal fluid of radar and microwave work
ers. As a result of altered proteins and retinal damap. two radar
workers became partially blind.

Exposure of nerVous tissue to electromagnetic fields, ranatnc from
power line to microwave emissions, may cause a wide raDle of
blolopcal effects. The c:lfaorders may remain silent for a period that
luta months or years. People exposed to microwaves could be at risk
of sustalnfn& brain damage. (Sally Squires, Washington Post 1985.)

,
i
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Samples of spinal fluid were taken from DOS personnel, but they

were not scrutinized as closely as the Hansson experiments (KosloY 1985).

Had the assays been carefully studied, the LiUenfeld team might have

found abnormal protein concentrations in the cerebrospinal fluid of DOS
personnel. If they were using VDTs, the assays of the comparison group

would have been similar. VDTs and television receivers .emit microwaves
like those flowing through the embassy. The radiation is not as energetic

because CRT frequencies are lower. Since biological injury is cumulative,

the resu1t of high and low energy stimuladon will be the same.

In the United States, Sweden, and Russia researchers observed that

tissues heat when workers get too close to microwave antennas. Despite
reports of adverse health effects from low level microwave energy pub

lished by Poland in 1976, the APL and LiUenfeld concluded that radiation
permeating the Embassy was tolerable. A summary of Lilienfeld's

investigation follows.

The medical histories of over 22.000 people. alive and dead, were
reviewed. There were 4.800 people at the Embassy between 1953 and
1976; 1.800 employees and 3.000 dependents. The comparison group
consisted of 7.500 people; 2.500 employees from 9 posts in Eastem
Europe and 5.000 dependents.

Obviously. the mOlt Important health effect in a population Is re
duced loopvity or early death. There were 194 deaths recorded in
the studied population; 152 males and 42 females.

Since data wu incomplete. the 194 fipre excludes 13 male deaths

from the statistics. At leat 47 of the 194 deaths occurred between \953

and 1916. This means that 141 people c:l1ed durln& the study period (1916

to 1918). The insult (Injury) that caused the result (death) may have

trausplred during NUTS-I when high energy was beamed from two

sources.

The number of deaths In the male population (excluding the 13) Is 50
percent of the expected mortality of the United States. No dif
ferences were observed between the Moscow and comparison group.
There is no satisfactory explanation for the 42 female deaths; 80
percent of the United States population.

The morbidity in the Moscow and comparison group was nearly equal.
Many health problems were observed; some were serious. Only two
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differences were conspicuous in the two groups: (1) the Moscow male
employees had a threefold higher risk of acquiring protozoal in
fections, and (2) men and women in the Moscow group had slightly
higher incidents of the most common health conditions reported.
(According to Alexander (1965), item 2 is a telltale sign that the
experimentals were poisoned by radiation.)

The health conditions of DOS personnel cannot be related to micro
wave exposure. No consistent pattern of increased morbidity is
evident in the group exposed to other than background (natural)
microwave radiation. (Individuals exposed to less than 0.1 microwatt
were classified among the unexposed. Therefore ailments in this
group, attributed to background, may have occurred during MUTS-2.)

Men and women in the Moscow group reported more visual problems
than the comparison group. Most were due to correctable refractive
errors. The men had more psoriasis; the women more anemia.
(Women naturally have a lower blood volume than men.) Nen re
ported a high incidence of depression, irritability. and memory loss.
(Alexander stated that depression, and other mental pertUt'bance,
indicates that radiation has affected cranial organs.)

In view of the published articles 'that the health of Embassy per
sonnel was In danaer,' it Is not surprlsinl that the Moscow group had
a hfJher rate of morbidity than the comparison posts. (What about
the dead aDd extremely ill people; how were they Influenced by
medla repottll?) No relltloalhlp wu fouDd between the occurrence
of health I)'JIlptolU and microwave exposure.

The children ltudied experienced many health problema. The mal- ~
&diet were similar \n the Moscow and comparlsan aroupe. There wal
one notable dlfference, mumpa occurrec:l twice u often in Moscow
than in the comparison croup. (Radfation .timulates the glands which
shrinIc, .well, or become infected.)

Conclusion. No convlnctnB evidence was discovered that would dl
rectly Implicate the low levels of microwave radiation, beamed at
the American Embaay In Moscow, as the caUle of any adverse
health effectl, U of the time of thls analysis.

Recommendations. The results of this study could be Interpreted
that microwave racllatlon at the Mosco" Embassy did not produce
any deleterious health effects. It should be made clear that
generalizations must be made with caution. The group with the
hlaheat exposure should be analyzed at intervals of 2- to 3-year
periods. A surveillance system for deaths and malignancies should
also be established.

Table 4-2 lists some of the symptoms and diseases recorded. The

population 00, which equals 879 DOS and 1,303 comparison, had similar

maladies because the body can get sick in only so many ways. LiUenfeJd

noted that the incidence of eye problems, anemia. and ulcers approached
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Table 4-2 DOS PenoaIItl MortalltJad Morbldlt1
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statistical significance in DOS personnel. Although not shown. male mor
bidity was usually between 25 to 65 percent hiper than female. Taking
into account that radiation always aggravates existing disorders. the data

compiled for "diseases or conditions ever present" is used in this listing.

Since data was lacking. Lilienfeld's team did not correlate the

maladies with the three t11ummation phases. This information. and the

location of DOS personnel within the Embas~ In relation to the

microwave transmitter. is imperative to perform' a thorough study.

Location and period of irradiation would partly explain the variability of

personnel maladies. and the death ·rate which probably climaxed durtng

MOTS-I.

Between the late 1960s and early 1970s workers in various eco

systems worldwide used VDTs; a television receiver attached to a

keyboard. For Instance in the United -States (1976), court reporters

worked with a Beehive terminal (CPU) wedded to a black and white

televfsion set. Some workers complained that their ''head and face felt

numb." DO~ and comparison group personnel may have been using similar

conftprations.

Lillenfeld's statistics (Table 4-2) sugest that health problems at the

Embaay were no worse than maladies of the comparison &rOup. He was
alarmed by the mumps outbreak and other morbidity in children. who

presumably did not use computei'll. The team did not qualify its In
formation. How old were the people afflicted with mumps; below or
above age 9? What caused the birth defects and problem prepanclel

occurrlng at the Embassy after the employees' first tour of duty! The

birth defects in offsprlnJ of controls and experimentals werealme.t

equal; why? Fatlaue, mental confusion, anxiety, and most dIIorden
reported to Lllienfeld were observed by NIOSH In the San FranclIco

survey, and by NASA In the astronauts. The common element to whfch

they were exposed was radiation.

The DOS facUlty and biological studies. Uke most. are inconclusive.

The APL investigation concentrated on microwave measurements. There
is no Indication that either team analyzed other exposure (eg, VDT) DOS

personnel may have had. If people. especially those in the southeast

comer (rooms 901 and 1001). were using VDTs visual and other dlsorden

would have been severe during any phase of irradiation. VDT usen in the

comparison group would have had simitar problems.

100

.

'fl~.~.,.~ .....:;
"

! .

i



A group of experts from the Electromagnetic Radiation Management

Advisory Council (ERMAC) assessed the radiation bombarding the Mos

cow Embassy, and the biological trauma reported by DOS personnel.

Their consensus was the same as that of the APL and Lilienfeld teams.

ERMAC Analysis

In 1980 the ERMAC met to assess the biological implications of the

microwave environment in Moscow. Members of the group included ex
perts from universities, hospitals, and private companies. The consultants

were employed by General Electric, the University of Washington, the

Virginia Commonwealth University, NTIA, APL, George Washington

University, the University of California, Bell Laboratories, Gerry L

Pettis Memorial Veterans Hospital, Argonne National Laboratories, and

the universities of Miami and Tulsa; one consultant was an independent

engineer. The ERMAC experts concluded:

The models used for the aua1ysls of biolOllcal hazards are over
stated. Other e1ectromaanettc raeBadoD II more Intense than that
111lptna1q on the Embassy. There Is no scientific evidence, or
theoretical grounds, to sugest that btolopcal disorders reported by
Embassy personnel were due to microwave irradiation.

ADd 10 the effects of microwave radiation In Moscow ended on the

same note as VDT studies: There is no evidence that low level noniontdn&
radiation causes ttaue damage; btologlcal perturbance is due to cbance.

It appears that neither the APL, Lillenfe1cl, nor ERMAC endeavored to

find a common factor. So it is in the VDT environment, and InvestilltiODS

of alleged Injury from the emissions of high voltage power ltnes.

BIOLOGICAL INTERFERENCE

The potential of the blosystem cl1an8es when orpnismI absorb excessive

natural or artificial electricity. Galvani and other scientists discovered

that electric current causes friction as it travels through tissues and

associated chemicals. Spasms in the nerves and muscles, and chemical

change are the visible reactions to energy absorption. An elevated bio

logical charge is the invisible effect. However It is perceptually apparent
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in that individuals or organisms gain weight, become hyperactive, and

dart about like ignited firecrackers.
Charged tissues vibrate at high frequencies. Ions rushing thl'oulh

them to ground create a sort of "ionic wind" (conduction current). The
added energy causes chill inside and outside the body. VDT users ex
perience these sensations which were observed in other organisms.
Workers use heaters to ward off chill. Heat causes fast chemical
reactions that exacerbate their perturbance. Bridges and Preache ana
lyzed data that showed change in organisms exposed to electromagnetic

radiation.

Power Line Recllatlon

In 1979 Jack E Bridges and Maurllne Preache reviewed literature on the
biological effects of electric fields from high voltage power lines; ex
cerpts follow.

Electric flelds laduee the same current in the body as houIebotd ap
pliances. Tbenfore the electric field of power 11na II ooly a sublet
of tbe ..1 SO aDd 60 Hz electromapetlc environment of lndus-
trialized communities. .

Dependtna on the cUstance It must travel and other facton. a power

line cam. 10.000 to over 500.000 volts. Its eneraY II stepped down to

110 or 220 volts. which vibrates at a frequency of SO or 60 Hz. If 120

volta can electrocute humans. 10.000 volts dlssipatln& from power llnel

must have lOme bloloatcal effect.

Most invesdlaten· used fish and other orpnlsms 81 test subjects.
The reactions of animals cannot be compared to those of humans.
For that reason. It Is not yet understood how electric and magnetic
fields Induce currents and electrical potentlall in bu.... aDd an
Imals. (EnerlY flows in humans as it does in any electrical and
electronic circuit.)

The electromagnetic fields of power lines produce small arc dls
charges, air Ions. low level aCOUldca. and racDo noise. These
phenomena are conflned to the immediate area within 100 feet of
power linea. The electromagnetic nelds charse the skin, caustna
electric current to now within humans, and tbrouah the body to
JrOWld.
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ASSESSMENT OF HEALTH HAZARD AND STANDARD PROI.fULGATION IN CHINA

Chiang Hu&1

Microwave Institute
Chekiang Medical College
HangchoY, China

In general, radiotrequency and microwave radiation at sutti
cient levels o~ intensity and duration ot exposure could cause
hamtul e~tects on a !ivins organi•• but the bioettects and their
mechaDisJIl are not yet well known. There are~ uncertainties
and ditterences ot opinions. so that the sat'e exposure l1Jl1.ts
proposed in various countriel ditter trOll each other sreatl1'. and
there ;~!t two 41tterent tn-lot sate exposure stllAclarda to COI1

aider depending on the population to be protected. There 18 an
occup~onal standard which 18 used to protect persons yorkins
in the BJ' or IN enYironaent, and an enviroDllel1tal standard to
protect the ,eneral public. The sate expo.ure level ot the latter
is otten as low as o~e teDt.h ot the tormer, because the ,enera!
population includes cb1ldren, prelDant women. and inUviduala with
various di....e.. Both ot the.e exposure standards ditter trcII.
the emission or pertormance standards vb.ich restrict the emission
ot radiation trom. devices, such as the emission standards tor
microwave oven. in the United States and Canada. An expo.ure
standard r.ten to the max1JIlua pel'll1..sible expo.ure level to the
~ ,which muat b. based JIla1nl:T on re&l1stic as.....nt ot h.alth
hazard, and 'which il to b. discuss.d here.

8.ttina ot the standards il not a 81mple task. It 18 neces
S&17 to establ1sh a quantitative relationship between power
deDIiti.s ot incident radiation and all biological eftects ~or

h\lllUl beiDSs. Quantification ot the biological response to
microvavn is a complex problem because ot the wide range ot the
trequenC7 spectrum. There are a large nUlllber ot physical and
biolog1cal variables and c01llPlex interrehtionshipa UIODg these
variables. Most ot the acienti~ic data has been obtained trom
experiments on small an1lllal. or aiJllpler organi8JllS. and extrap-
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! ASSESSMENT OF HE.

olatine labor.tor,y reault. to man i. not a cl.arly detin.d proce.s.
Addition.lly, there 11 a larle amount of uncorroborated and
controverlial evidence ot varioul biololic.l .ftectl. In thele
c•••• , the a......ent ot health hazard. for "Standard" promullation
ahould re17 _ain17 on the h.alth ItatuB ot perlonn.l p~ofe.aional11

a::POled to U' .Dd MV, althoush the infomation available in this
t1.ld 11 1iait.d. In various radiation conditione of human
expoaure, .ince it i. iapo.aibl. to make quant1tation preci.el:r and
di.tinction between various radiation condition. atrictly, the
reaulta ot experla.nta ,,1th ani.m.als on bio.ttecta ot U and KW
ahoul4 be aupplnented to the hUlllan exposure data.

A......nt ot H.al th Status ot Rl and HV Worker.

Sea. ca... ot acut. re.ction to aicrovave O9"N:l:1'Olur. have been
i .ncout.reel [1]. '!'h. I17D4raa..... to coui.t aa1Dl:r ot .ubjective
cc.p1aint. ot he.d.ohe., DaU", ,erUlo, aDd .1••pl•••n.I••
Ob3eotiv.17, hnNtnoni., ohanc•• ill cuU.c rh7tba, &Del • Iktn ra.h
aq be _ooat.reel. IICJ a ..lnation aq abo" • eI.cr.... in
..p1itad. ot alp "..,.. In.ll 0.... the .,.ptou w.re tranaient
aDd 4i••ppeared coapl.t.l:r att.r • t." 4.71 ot .ed.tion and reate
In one 0"., noted b:r the pr•••nt .uthor, the patient wu _tramel:r
aaite4, hi,hl:r =.t..4:r in 'bo4y teaperature ael he.n rat., and
eYidence4 rev.nibl. iapaira.nt ot vllUll .c1l11:7 and. v.ntricular
blook. \!l. IIJIIptoa. laate4 ••.,.ral ...k., eyen month.. In ca.nl,
the po".r d.ui1:7 ot micl"O)av. a::poaure c.u.illl .cut. reaotion auat
'be.?lMrf. at 1•••t 30 aY/fA. IJher. 1. no 40ubt that the .alaua
peral••ible apo.uN 1..,.1 .hould 'be t.r b.lo" that 1..,.1.

In ..t1:1111 ••tand.rcl, on. ot the aoat laportant couid.raUon.
baa to 'be chronio aponre. AI the .....__t ot the rel.tiouhip
'bet_. aJlOlUr. In.l. md the he.lth .tatua of per.onn.l
prot...ioully -1lO.e4 to U and JlY i. clttticult, 1.1''' lroupll auat
be ob'.rYe4 in ord.r to obt.in epi4..1010lical dat. Ylth .ta1:i.t1cal
alpltlcance. IIaD7 contribuU01Ul in tbi. tield have be.n .ade b7
Soviet authol'll. Papen have also 'be.n pubU.hed by authors trOll
C••cho.10V'.k1a, Poland, USA, Swe4en and so torth. In r.cent 7"1'8,
SOIl. in""UpUODII hav. be.n carrie4 out in China. A 1.1'1. part ot
th... till4iDP concemiDl health hasarel w111 'be diacua••d here
.1ointl:r.

Th. tiNt topio il quantitation ot human a::po.ure. In vie" ot
the lack ot pel'llOul dOl1Jletera, the quauUtaUon ot expo.ure durinl
work il extrea.l:r ditficult, particularly where the perlonnel aove
aroUDd in th. cour•• ot their duti•• and are .xpo.ed to mov1111 b.US
or mt.nne of radar.. Additionally, it i. 1JIpo••ib1. to .valuat.
the apoluN over a p.riod of eev.ral years. So on the basi. of
81181711. ot working conditions, author. usually roughly divide the

I
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perao11Del ex_ined into two or three groups named hi,h, (middle),
IJl4 lov pover denal1:7 ,roups. In fact, the exposure le~els

,o.raU,. range frOll sClllle teu to several hundred uvlcm 20r
prottle1onal m1crowave workers. ~e or two hundred ui/em ae the
a~rcatlon 11n8 between high and low power d8ns1tie. has been
.opt" bl _e researchers. OnI,. in a 2'w working p~ace. do the
.1C1'QV&ve a:posure levela exceed 1 mV/ cm 01'10 mV!CII •

!be principal 1l8rt ot the clinical tinding. trom obaerved
Ilcronve worken 18 s1l1il.r in different countrie.. S7llp1:0lU of
~ctional disturbance in the central and vegetative nervoue s,.stem.
Ire the 11&111 lIanlte.tation. The•• will be described in the
follo1f1q Vith the result. ot illvestisationa in China beina c01llpared
nt1a tho., in other countries. Th. inveatisation (2) 011 which the
·Cb1ne.e !eDtatiY' stand.rd- is mainl,. based va. conducted in 11
tlewn.. aM inaUbtu. The microwave worken ob.ernd had worked
with ticro_ve equipa81lt (acst ot thea were P'tf in CII ranee) more
thaD one 7ear, aD1 a 1.1'18 pari ot tb.. h.d 5 - 15 18a1"ll ot workins
-]lInence. "'el')'One in the stud,. bad been in an o1'4lnarr work
HU1. tor the la.t three months. 1'bere vere 84' yorkers ,lven
c1iD1cal obaenation, Y1tb {il persona ob.ened as a control sroup,
their aCE ana ace distribution stllilar to that ot the microwave
'Orara. !he microwave wo~icera vere divided into two ,roups 1n
teas ot pover aelUlltJ a:poaed. !he that II'O'lI' -,06 vorkel'll, Yas
exposed to a hiaber POWI' 4enalt7 of )200 ul'011 an4 the aecond
croup ot 5'5 Yorkei'll, to a lover <200 uW/cm. 'there waa no
l1pific8.11t ditferellce in ...a an4 llOrki11l experience ot thea, two
croups (P<O.05).

1. Ittecta em the Nervous s,.st-

'lh, result. conf1ra the prev10us fincSbas ot So.,1et authors on
the occurrence of aubjec1:1ve cOllp1.111t. (Table 1). Another tin4iDC
1a the 81crowave workers vas the partial 10•• of hair. The moat
,roDOUJlced 8111ptOll8 vere he.d.che, ta1:1lue, 4isturbance ot .le.p
(1ueoania or lIOIl1101ence) en4 4ecrea.e 1n _.0l'7. 'lb, persona who
ccapl.1Decl of IID7 ot the tbree .,.ptau m.ntioned above were det1n,a
IS -neur••theni.- and the incidence ot neur..thenia 18 ebow in
table 2. It 1. indicated that there were sil11if10ant 4itterence.
betv"l1 ~ two 8rOupa.

1 part of the observed persona (106 in all) vere ex..ln8a tor
ZIG. !he micl'Owave Yorkera' ESC revealecS an incr•••• in theta an4
delta vaves, but there weI" DO significant ditterence. in
atathUcs.

Similar compl.int. and incidencea ot neurasthenia .,.aptom. vere
o\served in U workers in China, aDd the plac.. where the,. workea
"ere at the tield strenctha ot several hundred V/m •

..
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TABLE 2: Incidence ot Neuruthenla Smtou

Group Incid.nc. (~) Groupa tor X2 p

1 32 amona all <0.001
2 24.1 hleh to lover <0.02., 11 lover to control <0.001

631

TABLI " Dpaato A1taratiora of BP in JlV Yorkers

C\I
Qraup Ob••"_ Total BP (_ He)

'" 10. Ti•• 90-95 100 105-1'" 140-145 159-160

initial 8 9 0 0 0
1 after .,- 17 , 6 2 , .,

"" 6 l,an....
initial 0 0 17 0 0

2 atter 5- 17 0 0 5 6 6

~ - 6 18a1'8

initial. 0 0 0 8 1.,
atter ,- 9 0 0 0 1 8- 6 lears

CIlJ

, I The microwav. expoeur. etteeta ora BeG .hoved chaDce. in carii.c
I rate. IIinor dOWDvard d1aplac..ent ot the S-'l .....nt. 10vlrinc ot If,
EI detlection, and .Uaht 4eviationt trOll DOma1 in excitabilitl and

~
I COlll!uction ot cardiac-electric activltl (Table 4).

. ..
j

\I

2. Ittects on the Cardlo....acular Sl.t,.

The microwave yorker. ¥.bo coaplatned chi.fly of palpitation and
paiDa al'OUDl the cardiac relion vere in the biah poyer 4enaitl
.lero• .,e radiation sroup; the ine14eno•• v.n much Mlher than tor
tbe control 11:'OUP (p<O.OOl). '!he inci4eno.. of hnotonia «100 
HI) vel" Mlhel' in the microwave aroup. (hilh and lover 4.n'iitl
pup SA 25.5~ ad 22.6% reapeot1ve17) than in the control 11"OUP
{l5."). le.,iewins the report. [',4,') PlbUshe4 b7 Soviet authors,
D coul4 tiM that the inc14enol ot hnotoma in II' aDd IlV vork'N
IIOIt17 1. 2O-4OS, aD4 in the ac,t ree.nt ten p.re, the inciCS'Dce ot
'nertoD1. i. h1Ih.r than bnOtollh.. It baa been .uae.t" that
bnertoD1a inere.... vith 1IOrkiua ~e, and ocour. in dvanee4 at..e,
of the d1laa... Q1otOV'& ob••"" the 4,...10 alt.ration of "01004
pre'Hr. ot .icro_y. vorkers. Sh. 41y1d.4· the obs.ned persol18
lIlto three Il'OUpe .econiq to thelr Initial pre,.ure. The7 all
VIr. ..1' thi rt7 ,...rs ot Ill••
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TABLE 4: Chan,ee 1n BeG (Incidence %)
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Table ,

Group Deep Bra- Tach)"- ST-T lower P QRS Hi,h potential
10. dycardia cardia at lett

ventrl-
50/min lOO/ain male r••le 0.18 O.la cle (.ale)

1 1.6' 6.54 11.8 '4.29 6.86 10.78 11.92
2 ".9' ".'6 11.2 14.61 7.85 11.59 12.89, 0.42 4.25 5.6 18.07 '.18 4.0' 8.95

In o1'der to observe the microwave expolure .tfecte on vaecu1.r
tunotional st.te, rb.oel1cepalosr.. , rheo,r.. of finser hea04JDUica
aDd oculi tundua w.re RUlined. There were no significant tlndiJlla
In the reaulta.

!be data aeDtioned above ahOY that .tcroYaY. aotion vas
charact.riled b7 .utonaal0 v.aoul.r .,aptoa. of a vasotonic
charaot.r, expre••ed ..peci.l1T in lJ7potoni. and brad7QarcU••
aadohiJcova aD4 -.aT 8oY1et authors [4,5,6] .tat. that the alth_Dic
II1J1droa. 1n \a.lnlU.l etas.. Inc11l4ed uln17 a capl_ of .athenic
.pptau dOllll¥e4 b7 .utoncaic Yaecular chalICe. vi th a v.sotonio
tendencT. In the a4vanced •.t .... of the di•••••, the
a.theno-.utonCllic 87J1drOllle vi th v.ecul.r d7.tancUon of the·
bfpertonic tJpe vas mOlt frequent. At a certain .tase ot
developaent ot .utonaatc v.acul.r di.turbanc.. , the h:Jpoth.l..io
IIfII4roae (autonomic vucul.r tom) .ppeared and vu characterised b7
sudden cria., predCliinantl7 of ••1Ilpathlqo-.drenal character.' In
oar mv_Usationa, the autonOllic vl.cul.r .,.ptOll. ot mo.t peraona
..intained a vasotonio oharaoter, while theT vere observed over a
period of t1ve :re.ft. IoWac of suoh .everttT .. to be described
.. b7P0th.l_ie 87J1drcae vu round. It Ie•• that the nature and
• enaitivit7 ot cardiov..cul.r re.ctiona to proloDled exposure
depeD4, to • l.rp extent, on the individual characteristica.
JUrther Itud7 on clinio.l manif••t.tlona and ita mechanle. could be
valuable, ae .oae dootora in our countrT are nov intereeted in aains
micronve in tre.tment for hypert8118ion •

The hnotonia aD4 brad,cardi. vere alao obaerved in U workers
in China, but the incidence vas not 80 hiSh al that in miorowave
vorkera.

,. Effecta on peripheral blood

10 char.cterietic chanae. in peripheral blood picture vere
foUD!, 011.17 • aUsht leukopenia and thraaboc;rtopen1a occurrinc in
the rirst sroup .. compared to the other. (p<O.CX>l).

I
t
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4. Btfects on 81'

QZOUp Le'ftoc)'te (%) Thromboc,-te (%)
Jo. <5,000/.. >9,OOO/mm' <100,000

1 29.41 1.96 26.79
2 18.69 8.6 14.02, 21.2' 7.2 17.2

633

Table 5 Incidence ot Leukopenia and Thrombocytopenia
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Dlv'1'I1tie4 WBC responses are tound in .an7 reporta. In
II.ral, Blilht or Iloderate leukopenia -1 be tound in microwave
yorker. wrkiq at hilh power 4e.iti... In an_bel' ot cues
ltQkQcrtosie vaa encountered in the initial peri04 at prote,.ional
upoaur.. Absolutl l,aphoc;ytos1. ma;y aleo be foun4 in microwa.,e
workln.

SeYlral .pi4_1010Iical _"e)'ll ot lenticular effect, ot
atcroftTl vorkeN baYa beeD pertora.d. Ion. at the aU",871 reported
• -'ati.tical17 alaD1ticant iDer.... in the uuab.r at cataract. in
peraom:&tl occupatioull,. aposed to aio1'01I'aY. 1'1'41&'101&. The
1'1I"'78 vel'. 1IOatl,. concened vi.th aiDor 1••ti:Jular d.tecta. sa••
of tbe 1'111"1118 iDaioated a .tat1.Uca1l7 .ipi1'!cant inonas. in
1.Uolllar aateota in 1I101'01I'&ve yorkers. f(fa8cki (7] Izaaln.d ',000
PlUODI d1.,i4. equaU,. into three 81'OUS-. c1'Oup .1 ccapri,ed tvo
ftbpoupa. .&.. contained 542 in41T14uala apo.ad dire0!P' to
a1c~.,e ra4taUoa at po...r 4.u11:7 ot about 0.1 aV/ea up to 6
aVIca. cr>up A." ccapri.• .a 458 1Ddbi4.1s aposeel to .. at about
O.ol.r/ea. adup J ccapr1•• 1,000 .......tchad 1D41v14ua1. not-poI. to a1ol'On.a, mil. Croup C .. lI&4e up ot ch114ran an4
~u'Yen11.. ace4 5 to 17 ,.eaN. !h. eua1DatiOll of tha 1•• 11'&& ..4..11I a alit lap atter dilatation of the pupil. Leu trau1uOeJlC7
Val a•••••ea ualD& a 5-8ra41 scale.

1
0

10 leu cbu&aa
2

0
"aroWi -.all, aulti.h.ped opeolUe., which U7 be COUllteel,0 lflaeroWi ..all, multiahaped opac1ti., which are 41ft1cUlt
to count

40 AI abo.,.a, but nth a tandencJ to incre••e in nlllber or .he
on ~ccelaive ezsa1nat10Da

50 An,. chanae impairiq visual acuity

Statiaticall;y s18111t1cant 41fterence. in the frequency of
Vll'10Wl cr.e. ot leu tranaluoeno7 alst between Group A and Croup.
J and C. Kereovar the CCliparisOll bet..e. Al aDa ~ al.o
deaoutrat•• sipiticant d1ftereno•• (Table 6). me author
iDd1cated that lona-tera o".rexpo.ura to 1011' 40••• ot microwave...,.
ttDd to accelerate the 1101"IIlal .,iac proc.,. of the leu.
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Leu vacuole

11. 1
16.4
79.4

1
2.,

Group Bo.

'ra'bl.e 1 IDciclaee. ot leu cbaSe. (~)

Ifeqroth aD4 Aurel1 [e] reportI4 U1 1ncl'l••ed n_bu' of retinal
le.lou in 6B Yorken in a SYIcli.b tactorr where alorowa" equilDent
.u tiIW. The retiul 1e.10111 veft charaoterise4 by their
rel.blance to chol1.oreUnal acara after inn_atorr reacUona. 10
data on the intnaiv ot the ra41aUcm Yere J1'OY14ecl, but the·
auth0IS conaldered that the lIIZiaa peNl.sible _po.ure of 10
aVIca 1. too hip. '!'be probl_ lbou14 be further invelti,atael.

5. IeproelucUon aZl4 Genetic Btlacta

Microwa.1 raeliatlcm ca iD4uce .teriU ty in h\ll&DI when the
incident po_r deu1't, i. bleh dOUCh. In recent ".1"., alcro1fave
bu be. Ulect tor birth control in ICIIII hOlpitala in our countl"l.
In lO1Ie 1101'_1'8 oocupatiouallJ' exPOled to Rl" or KW, the
spematOlene.i. or .enltrual pattem val altered, auel ....eD i.potence
occurrt4. lklt the total nUllber ot ca... are too feY to conclude a
caule/ettect ~elationlhip.

D aud XV raeli.tioD are teratoleDie ta experiaental animals
_poseel at lpecific ti... eluriua le.ta-ti01l, but there is no .,.Uence
of ncb in h\lllaDB. The ae of .icro_v. heaUq as 4iathel'll7 to
rell.,.e the pain ot uteri. contractions eluriDi labor val reported
trca 181110. It val l&1d that the babie. ".re born htalthr.
Beverihele., extr..e caution must be exercised. A few cases at
multiple inborn detecta in tbe off.prine ot wo.en irradiated

'lable 6 .Percentae Inc14ence iD varloua len. tran.lucency ,radII

tens Trancluceucy Group A Group B Group C
Grade #. A At+#.2

1 d.o 3£.3 2 .7 29.7 68.8
2 62.0 52.6 57.7 SO.3 26·9, 19.7 12.2 16.2 16.6 '.6
4 4.e '.5 4.1 2.6 0.'
5 0.5 0.' o.e 0.4

In our mve,U,.tion, the lenticular transparenc1 was examined
in 2Z1. atcrcnve vorkeN u4 117 .....toht4 penODa •• oontrol. 110
.iCD1tlcant 4itterencea in IDci4enoe of lena opacitle. vere found.
fte incidence ot lIaa vacuole in the t1 rat IrouP v•• bi,hlr than
that 1D the control ,roup (p<O.025). A tev c.... of cataract. or
retl_ h8ll0rrh..e polnt. vere tound In the microwave vorkers.
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~t41at.11 before or durlna the early atag•• of pregnancy with
aIlOrtvav. diath.1"II1 hav. been reported br Coccorza Erdman ,t ale

Sillor ,t al BUsce.t that IlODColi.. occurs 1I0r, frequ.ntlr ..oDC
tilt ott.prlDl ot f.then prote••ioully expoaeel to alcrovaves.
1D1ft.r, an intenaiv. follow-up Itu4r failed to contira the
IIIOciaUoa.. In general, there le._ to be no basarc! under ordina17
prot...tonal aposure cOIlcl1t1oD8.

h the UI11 teel Statea, a atudr [9] ot ••riean Blba••r peraolU1.l
11 Io.eo.. vu r.poned. The p&rpoae of the stud,. .... to cOIlpare the
101"1liUtr and 1I01'1:8111or experience ot U.S. Qov.l'IIItIlt .plo,.ea at
the Io.cow labaae)" durluc the period 195' 1:0 1976 with the
_"n.nce of .•plo,..a who had 8.rved in oth.r sel.cted,
1IOD1rra41ate4 Jutem European .1Iba••i .. 4uriDl the ... perioa.
!b••wdr population conai.te4 ot l827 _plo,... at the Io.cov
.bul7 aDd. ov.r 3000 ot th.ir depend.nta ADd 2561 .plo,.••• at the
li,ht ccaparlaon poeta and 5000 ot th.ir depenel.nt.. Comparativ.
ual,... w.re aade of aU .Jllpt.... con4Ui01l8. cU.eu_. and cau.8
ot d.ath accor4iq to the ab.tract at the ••Ucal reoord., reeponat
to the Health l1.to17 Quest10mualre. eli•••••• reported on the
QII.IUomuair., and acqu181tion ot 4eath o.rtiticat... 10
41fttNntial health rieks ueociAte<t vi th pre.lIIe4 apt.;sure to
.toro_v. ra4iation vere 4..outrate4. '!'he aulln. apolU1N l.vel.
aeuure4 at 21:' near the ~nclo_ ot the upper central bUll41J11 raDled
fl'OII 1 UV/CIA to 15 uV/c:a. Anoth.r .tu47 (9) .... reported of a
three r.ar Inveet1saUon tbat vas aiaeel at the deteriaination ot
health ri.b troll .1cro.,.,.. radlation at U.S. laval persona. A
PGpalat10n ot appronaatel7 40.000 (balt ooutituted the ezposed
croup, ID4 halt the control croup) are auiDN tor aortali't7,
aorllldlt7. reproduotive pel'tol'Ullce aDll health of ch1l41'tD. !he
data M4 not aho.. aD7 41Uennoea 'between the two Cro.. It 414
DOt a.lip t1M apo8uN d08" to tm7 iD41Y1dual. in this etud,..
Seae ot the ~b.e"e<t peraoa were -JlO.e4 to .toro_ve 111 exce.. ot
the 10 aVIca 11aU Accid.ntal _penn ".. at ..tillated lnel.
UoeecUIIS 100 lIV!CII2• B.a4101leD an4 ~dar operators were len.1'a117
-POled to l..,els ...11 belov 1 1IV!em •

It IIQ 'be suaarise4 that there are ereat cUtterence. in th.
8"boa•• oontents and result. ot luv••t1IatioDa tor evaluating the
healttl basarcl ot aicronv. raatation betw.en 41ft.rent countrie••
CluiDl lreat controver87. A4411:10u11,.. the h.alth hasal'll 1n
810ro••e uauall,. 1. DOt 80 ..rioue and 80 c.rtain u that in an,.
other 41s.a... beroue questiona cOllcemiDl the clinical count
and pathos.neah of certain leslou caused by U and IV radiation
have Ilot b.en ol.arl,. .lucldated up till nov, an4 the 81J1lptOlls
\l8ua117 are reversible, but the exist.noe ot h.alth b..ardoua
ettects ot U an4 !IV cu not be 4ellie4. AD. lnve8ttl~Uon (6) ot the
Plti.nt. autt.ring troR microwave .iokn... reporte4 bf Sadechikova
illustrates thi,. It aho"ed that, 4e.pit. repeated therapeutic

...

i
i

1



,
!hi. iapl1_ that tho.e 871l4rcae. are Dot eall7 to nOO1'er, an4

it 11 iaportant to lo..er apo.ure level u4 ieprove work condltloDe
for protection fro. ha••rdoaa radiation.

1. la4iatlon intenaity

It a1aht be couUered that accorcllne to epld_iololical data
frCII a:posure to .tcrawave .nersy, lonl-hl'll apo.ure at lever.l
.V/aa2

lDay indue. alteration not only in nervous and cardiovucular
87810... , but in the Domel agine proc... ot the lena and peripheral
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c. HUAI

. BI atter ce•••tion ot upon"

Radi.tion condition. relat.d to he.lth hasard
aDd atandard prcau1c.tlon in China

In ordtr to .et • reaaonable aatet:r at.ndard ot II' and. ltV
r.41&tiClll. condltloDe rel.te4 to health ha.ard shoulcl be rwie..e4.
Several upoaure .tandarde [10,11,12,1,,14] in 41fterent countrie.
are reported.

.11 _del' • Gpo.v.

!able 8 Clinic.l cour•• ot microYav. radi.tion durine an4 after
.!}!Oft"

Clinical Periocl ot 110. ot Clinioal' coura.
.7DclrCDe. ob.,n.tioD c.... lecove;r St.bili••tlon Prosre••iOD

.lath.nic A 25 13 11
B 5 , 2

.latbtllo- A 47 47

.utoDCDie nth
vucular B .16 15 1
d7.function

Bnotb.laaic A 2 2
(aatonCido
vueular tora) B 6 5 1

'lot.l 100 3 35 62

638

cour.e. aDd t_por.17 111th4raYal troa vork vi th microwave .ource••
upon returni. to previoua worle condi tiODe .1DlptOlll. inere..el! in
.ev.rity, particularl:r -one patient. with .4vanced .t.... 01' the
di...... In euch patient••utonaaic v.acul.r disturbanc••

. doaiDatel!, crise. of cerebr.l and coronary ineufficienc:r prolr•••e4
aD4 4evelopment of i.ch.emic he.rt di••••••nd b;rperten.ion v••
ob.erved. c.•••tion .ot work: involvine irradi.tion fr.quentl7

. r ••ulted in st.bili••tion of the initial .t.S. of illne•• (!abl. 8).


